This paper analyzes the relationship between the changes of Body Mass Index (BMI) and those of the other health checkup data in one year. We divide all data of the subjects into 13 groups by their BMI changes. We calculate these variations in each group and classify the variations into gender, age, and BMI. As the result by gender, men were more influenced by the changes of BMI than women at Hb-A1c, AC, GPT, GTP, and TG. As the result of classification by age, they were influenced by the changes of BMI at Hb-A1c, GPT, and DTP by age. As the result of classification by BMI, inspection values such as GOT, GPT, and GTP decreased according to the decrement of BMI. Next we show the result on genderage, gender-BMI, and age-BMI clusters. Our results showed that subjects should reduce BMI values in order to improve lifestyle-related diseases. Several inspection values would be improved according to decrement of BMI. Conversely, it may be difficult for subjects with under 18 of BMI to manage them by BMI. We show a possibility that we could prevent the lifestyle disease by controlling BMI.
Introduction
Body Mass Index (BMI) represents an index of obesity levels which we measure with our height and weight. The frequency of obesity is an alarming worldwide phenomenon and concern today. In Japan, a BMI of over 25.0 is classified into obese, and the obesity rate for adult men is more than 30% of the population [1] . Obesity is known to be highly associated with lifestyle-related diseases [2] . In particular, visceral fat obesity is connected to metabolic syndrome [3] , [4] . As a way to prevent metabolic syndrome in Japan, the Ministry of Health, Labor and Welfare administers this specific health checkup and offers a guidance. This checkup is commonly called "Metabolic Checkup" and is being performed for early detection and prevention of lifestyle diseases to all Japanese with 40-74 years old. These people take the information from whole body for early detection of lifestyle diseases by specific health checkup. For the abnormality found in the inspection, they should take care of being healthy life and prevent lifestyle disease by analyzing the cause and effect of the abnormality. Thus, the major purpose of specific health guidance is to prevent lifestyle diseases by improving lifestyle and habits. However, a measurement of lifestyle- † † The author is with Sorachi Naikain, Himeji-shi, 670-0923 Japan.
a) E-mail: hata@sim.u-hyogo.ac.jp DOI: 10.1587/transinf.2016LOP0009 related diseases requires specialized tests such as blood and urine, so it is difficult to manage daily health condition by controlling the results of blood test and urine values because we cannot directly manage them. However, we can easily measure and control BMI. That is, BMI is an index which can be controlled by one's own. Therefore, this paper focuses on their health condition by BMI. If we find the relationship between the change of BMI and the other examination values, each subject can predict the change of their values such as hypertension, hyperlipidemia and diabetes mellitus according to the change in BMI [5] , [6] . These inspection values indicate different characteristics for ages, gender, and obesity levels [7] , [8] .
The purpose of this study is to investigate the relationship between the changes of BMI values and those of the other inspection values. Due to different physical characteristics of the subjects, it is necessary to classify them [9] . We first investigate a significant difference between BMI and gender, and then do between BMI and age and do between the changes of BMI and BMI for 12 inspection items such as HbA1c and AC. We first show these results. Second, we show the statistical result on gender-age, gender-BMI, and age-BMI clusters. Third, we show the statistical results two case studies with respect to "under 60 yrs." or "over 74 yrs." and "under 18 BMI" or "over 30 BMI" and "men" or "women".
In this paper, Sect. 2 describes the data used here. Section 3 describes the analysis method. Section 4 presents the experimental results. Section 4 discusses the statistical results and Sect. 5 summarizes the results. Section 6 concludes this study.
Subject Data
In this study, we employ medical inspection results that were performed on 5,068 men and 7,965 women at Hcity from 2008 through 2012. The mean (±SD) of men 66 (±7) years old and that of women is 65 (±6). We employ 13 health checkup items: abdominal circumference (AC), systolic blood pressure (SBP), diastolic blood pressure (DBP), triglyceride (TG), high-density lipoprotein cholesterol (HDL), low-density lipoprotein cholesterol (LDL), serum glutamic-oxaloacetic transaminase (GOT), serum glutamic pyruvate transaminase (GPT), gammaglutamyl trans peptidase (GTP), hemoglobin A1c (HbA1c), uric acid (UA), creatinine (CRE), and BMI. This paper analyzes the relationships between BMI and other checkup 
Method
This section describes our classification method to analyze the relationship between changes of BMI and the other items. First, we calculate the variation amount of all checkup data for one year. We divide the subjects into 13 groups depending on their BMI variation amounts.
We extracted subjects who have changes in BMI of −3.0 to +3.0 and divide them into 13 levels by the BMI variation with 0.5 difference. That is, the notation "−3.0" represents the change of BMI ≤ −3.0, "−2.5" does −3.0 < BMI ≤ 2.5. The notations "−2.0", "−1.5", "−1.0", "−0.5", "0" "0.5", "1.0", "1.5", "2.0", and "2.5" do in the same way. The notation "3.0" represents change of BMI > 3.0. We divided all subjects into the following three groups, and we calculated the mean values for the above levels of BMI. Next, we analyze two combinations of three groups to compare the subjects. We classify the subjects into three clusters: Gender-Age, Gender-BMI, and Age-BMI. We divide them into "under 65 yrs." and "over 66 yrs." in the Age-BMI cluster. We analyze the relationship between the change of BMI and those of inspection values for the above clusters from each mean of the inspection values.
Our used inspection data have some outliers. In this study, we apply the Smirnov-Grubbs test as a preprocessing in order to remove outliers of our inspection data. SmirnovGrubbs test determines whether the data that is far from the average value is an outlier. The Smirnov-Grubbs test detects only one outlier in result of the inspection. However, the inspection values include some outliers. Thus, we apply the Smirnov-Grubbs test repeatedly until all outliers are removed. In this study, we perform the Smirnov-Grubbs test at significance level 1.0 percent. As the result, we employ 5,017 men and 7,898 women data. ) shows that men received more influence than women at GTP. HbA1C, AC, GTP, and TG also have similar relation between men and women. Second, we apply the Wilcoxon rank-sum test [10] in order to compare with each cluster. Wilcoxon rank-sum test determines whether there is a significant difference between a cluster and the other clusters. Table 1 Figure 4 (b) shows that, in subjects with BMI ≥ 18.0, the higher BMI implies the larger change in GTP, and the higher increment of BMI implies the larger increment of GTP. Conversely, in subjects with BMI < 18.0, the larger increment of BMI implies the decrement of GTP. That is, this relationship of BMI ≥ 18.0 is inverse to that of BMI < 18.0. Table 1 (C) shows all test results of significant difference between "under 18 of BMI." and "over 26 of BMI". In the results by this BMI cluster, the items of AC has 0, that are the smallest. SBP, DBP, TG, HDL, UA, and CRE have number less than 3. They look less fluctuation with respect to fluctuation of BMI between "under 18 of BMI." and "over 26 of BMI". Conversely, the items of GOT, GPT, and GTP have more than 6. They look large fluctuation between them. As shown in Fig. 3 (b) of GTP, GOT, and GPT have also decreased according to the decrement of BMI. Figure 4 (c) show the statistical results of the Wilcoxon rank-sum test on BMIs-GTP. Table 2 shows all significant difference between men and women. The numbers in Table 2 indicate that there was sig- Table 1 All results of the Wilcoxon rank-sum test (*: P < 0.05, **: P < 0.01, ***: P < 0.001) nificant difference in the following age cluster: 1 = under 60 yrs., 2 = 60-64 yrs., 3 = 65-69 yrs., 4 = 70-74 yrs., 5 = over 74 yrs. The number of "1" is 31, "2" is 21, "3" is 24, "4" is 24, and "5" is 19. This means that there are a lot of significant differences between men and women for under 60 yrs. group. For HbA1c, all age-cluster have significant difference between men and women when interval [−1.5, 1.0] of BMI. The groups of BMI decreased have high frequency for gender and age, especially there are more significant differences for the change of BMI = −2.5. The age cluster "1" (under 60 yrs.) has highest frequency in Table 2 . This means that there is a significant difference between men and women in the "1". Table 3 shows all significant difference between men and women. The numbers in Table 3 indicate that there was significant difference in the following BMI clusters: "1" = under 18.0, "2" = 18.0-21.9, "3" = 22.0-25.9, "4" = 26.0-29.9, "5" = over or equal to 30.0. The number of "1" is 5, "2" is 18, "3" is 35, "4" is 21, and "5" is 13. This means that there are more significant differences between men and women for group of BMI = 22.0-25.9. These people are not obesity. The obesity people of "4" and "5" are reveled in the change of BMI being [−3.0, 0.5]. This means there are significant difference between men and women for their 
Experimental Result

Gender-Age Cluster
Gender-BMI Cluster
Age-BMI Cluster
In this subsection, we examine a significant difference at a boundary 65 yrs., that is, we divide all data into two classes. Table 4 shows all significant difference between "under 65 yrs." and "over 65 yrs." ages. The numbers in Table 4 indicate that there was significant difference in the following BMI cluster: "1" = under 18.0, "2" = 18.0-21.9, "3" = 22.0-25.9, "4" = 26.0-29.9, "5" = over 30.0. The number of "1" is 2, "2" is 9, "3" is 16, "4" is 14, and "5" is 13. This means that there are more significant differences between ages for group of BMI = 22.0-25.9.
Case Study
In addition to the above, we did the following examination between "under 60 yrs." and "over 74 yrs." to clarify the difference of these ages for higher BMI. Case 1: We divided all data into men and women. First, we apply the Wilcoxon rank-sum test to examine statistical significance between "under 60 yrs." and "over 74 yrs." in them. Second, we apply the Wilcoxon rank-sum test to examine statistical significance between "under 18 of BMI" and "over 30 of BMI" in them. Case 2: We divided all data into "under 60 yrs." and "over 74 yrs.". First, we apply the Wilcoxon rank-sum test to ex- Table 5 The number of significant differences amine statistical significance between men and women in them. Second, we apply the Wilcoxon rank-sum test to examine statistical significance between "under 18 of BMI" and "over 30 of BMI" in them. Table 5 tabulated the number of the levels of BMI where there was a significant difference. The result in Case 1 with the division between men and women shows that men have highest number of significant differences at GPT, and women have the highest of HbA1c on the changes of ages. In addition, there is a little difference of the numbers between high BMI and low BMI. The result in Case 2 with the division between "under 60 yrs." and "over 74 yrs." shows that "under 60 yrs." has larger number of significant differences than "over 74 yrs." on gender difference. In addition, there is a little difference of the numbers between high BMI and low BMI.
Summary of Results
In this paper, we examined statistical significance between the changes of BMI and those of the other inspection values. As the result of classification by gender, men were more influenced by the changes of BMI than women at HbA1c, AC, GPT, GTP, and TG. For these, men would be received more influences in inspection values by BMI control than women. As the result of classification by age, human was influenced by the changes of BMI at HbA1c, GPT, and GTP by age. The increment of HbA1c of "over 74" is smaller than the other ages. As the result of classification by BMI, inspection values such as GOT, GPT, and GTP were improved according to the decrement of BMI. This relationship was remarkable in subjects with BMI being over 18. While inspection value of GTP was worsened with decrease of BMI values for BMI being under 18. As the result of classification by gender-age, the age of under 60 yrs. has more significant differences in the inspection items between men and women. In addition, there is a significant difference between men and women at Hb-A1c for changes of BMI = [−1.5, 1.0]. Thus, the change of BMI between −1.5 and 1.0 with under 60 age people would be influenced differently between men and women. As the result of classification by gender-BMI, there is a significant difference between men and women for not obesity people (BMI = 22-25.9). The improvement of inspection values by decrement of BMI was different between men and women. As the result of classification by age-BMI, there is a significant difference between men and women for people of BMI = 22.0-25.9 (not obesity). The improvement of inspection values by decrement of BMI was different between men and women, especially under 60 yrs. These results showed that men should reduce BMI in order to improve lifestyle-related diseases indexed by HbA1c, AC, GTP, GPT, and TG. The human over 74 yrs. are stable for the changes of BMI. The inspection values of GOT, GTP, and GPT were improved according to decreasing of BMI for the subject with BMI being over 18. The change of BMI between −1.5 and 1.0 with under 60 age people were influenced differently from men to women. There is a significant difference between men and women for people of BMI = 22.0-25.9 (not obesity) under 60 yrs. Men have significant differences at GTP, and women have those at HbA1c on the changes of ages. In addition, subjects with "under 60 yrs." has larger number of significant differences of inspection items than "over 74 yrs." between men and women.
Conclusions
This paper is an enhanced version of the paper [11] . In our previous works [12] , [13] , we described a method to analyze health checkup inspection values on fuzzy logic. Fuzzy logic enables us to treat such inspection values on the same domain. In this study, we analyzed the relationship between the change of BMI and inspection value. The all statistical results summarized in Sect. 5. Thus, this study is a basis to manage our health by controlling BMI. In conclusion, this study found how the change of BMI is associated with some of changes in the inspection values by statistical significance. This result would show that controlling of BMI would be a key issue for predicting lifestyle diseases.
It remains as future studies to develop a system to predicate the improvement of the inspection values by controlling BMI, here, multiple-valued or fuzzy system would be a key technology to manage the difference from person to person. In addition, we will investigate the dynamic change of blood pressure [14] by BMI control by these technologies.
